developmentally regulated excision of interrupting elements inside the genes for nitrogen fixation. But cloning and sequencing had its limits, particularly when we did not know what genes to look for that might regulate heterocyst differentiation.
How did genetic analysis get started in this system? Here we depended on a breakthrough from the lab of Peter Wolk and Jeff Elhai at Michigan State. They showed that DNA could be transferred by conjugation from E. coli to Anabaena. Postdoc Bill Buikema first isolated mutants incapable of fixing nitrogen, most of which could not differentiate heterocysts. He then used a cosmid library of wild-type DNA fragments to complement the mutants and thereby isolate the genes corresponding to the mutated genes. This method gave us many genes that effect heterocyst differentiation.
Where do herbicides fit into this picture? I had a long-standing interest in photosynthesis and wanted to exploit the cyanobacteria to indulge that interest. Some herbicides were thought to target photochemical reaction centers. The most promising in that connection was DCMU. Susan Golden isolated mutants of Synechococcus that were resistant to DCMU. From a library of genes from that organism Susan found three encoding the D1 protein, any one of which when mutated conferred herbicide resistance. She started work on the expression of these genes, which continued when she took her first faculty position at Texas A&M. The work in Chicago was carried on by a student, Judy Brusslan. Some of Judy's results were discordant with Susan's in Texas. The differences were resolved when Susan discovered that these genes are controlled by a circadian clock.
And the move into wheat? After Susan took the Synechococcus project to Texas, I decided to study the fatty acid pathway that should be inhibited by aryloxyphenoxypropionates. It turned out that cyanobacteria are resistant to these compounds, which are used to kill grassy weeds. Piotr Gornicki had come to the lab with a good background in biochemistry. He decided to look at wheat germ, a favorite playground of biochemists. Piotr purified acetylCoA carboxylase (ACC) from wheat germ and showed that there are two isoforms of the enzyme, of which the one from plastids is sensitive to the aryloxyphenoxypropionates. That led to nearly 20 years of work, which continues today, on the structure and evolution of the ACC family of genes in grasses.
In order to assay the ACC genes for their ability to confer herbicide resistance, we moved the analysis into yeast, replacing the yeast ACC gene with regulated cDNAs encoding various isoforms of the wheat ACC. These experiments allowed us to identify a single amino acid out of 2800 that determines herbicide tolerance or sensitivity.
And this yeast expression system allowed analysis of other ACCs?
Indeed, our first foray was in the parasite Toxoplasma gondii, whose apicoplast ACC turned out to be evolutionarily related to the wheat chloroplast form. We were able to cure human cells infected with Toxoplasma by using a herbicide specific for grasses.
From plants and parasites it was an easy jump to human obesity? Why not? Salih Wakil's group showed that mice in which the gene encoding the form of ACC that binds to mitochondria was knocked out would eat a lot but not gain weight. The muscle ACC regulates the transport of fatty acids for oxidation. Lack of the ACC leads to unregulated transport and oxidation. It became a good bet that a specific inhibitor of that ACC would be a candidate for treatment of obesity. We cloned cDNAs encoding the two isoforms of human ACC, introduced them into the yeast system, and used those strains to screen libraries of compounds for specific inhibition of ACC2. We have candidates.
Where do you go from here? That depends on the sources of funds to continue. We are hopeful that NIH and the pharmaceutical industry will recognize the value of this work and support it. to link cadherins to actin; however, we now know that their function is more complex...
So what is the function of catenins then? β-catenin can bind
simultaneously to the carboxy-terminal cytoplasmic domain of cadherins and to α-catenin, thereby forming a ternary complex. The relative amount of cadherin-bound β-catenin and free β-catenin may be critical, because free β-catenin either is rapidly degraded by the ubiquitin-proteasome pathway or translocates to the nucleus to regulate target gene expression in conjunction with members of the T-cell factor/lymphoid-enhancer factor (TCF/ LEF) family of transcription factors. Activation of cells with Wnt growth factors inhibits β-catenin degradation and allows its accumulation in the cytosol and translocation to the nucleus. In absence of Wnt, the level of free β-catenin is very low. p120ctn binds cadherins at the juxtamembrane domain of the cytoplasmic tail and prevents their internalization and degradation. Similarly to β-catenin, unbound p120ctn can translocate to the nucleus where it binds Kaiso, a zinc finger transcription factor that acts as a transcriptional repressor. Once bound to Kaiso, p120ctn relieves the repressor activity of Kaiso by dissociating it from its sequencespecific binding sites. As with β-catenin, Wnt signaling stabilizes p120ctn. Unbound p120ctn also functions as a regulator of cell motility by modulating the activity of Rho GTPases.
Plakoglobin is homologous to β-catenin and binds to the same region of the cadherin tail. Plakoglobin is highly enriched in desmosomesspecialized junctional adhesion structures found in epithelia. But, in cells that do not have desmosomes, such as endothelial cells, plakoglobin is mostly found at AJs. It is not clear whether plakoglobin can participate in Wnt signaling in the same way as β-catenin, but it may have transcriptional activity and participate in other signaling pathways.
α-catenin is a dynamic regulator of the actin cytoskeleton. For a long time α-catenin has been considered to bridge AJs to the actin cytoskeleton through direct interactions with both β-catenin and F-actin. This idea has recently been challenged by the observation that its binding to F-actin and β-catenin is mutually exclusive. Therefore, the physical bridge between AJs and actin remains to be defined. It is possible that it is mediated by other actin-binding proteins present at AJs, such as Eplin (epithelial protein lost in neoplasm), vinculin, formin-1 and α-actinin, or that α-catenin influences the actin cytoskeleton indirectly.
Can you live without adherens junctions?
Given the breadth of their functions, it is not surprising that the lack of AJ components is not compatible with life. During mammalian development two epithelial cell layers are initially formed: the trophectoderm at the blastocyst stage and the ectoderm at the egg cylinder stage. E-cadherin and β-catenin null embryos display an early lethality due to primary defects in these first morphogenetic events. Deletion of N-cadherin, VE-cadherin, plakoglobin or α-catenin also leads to embryo lethality, but at later stages of development.
How can AJs transfer signals?
AJs can signal in different ways: they can bind to growth factor receptors and modulate their internalization and downstream pathways; they can activate signaling mediators, such as phosphatidylinositol 3-kinase or small GTPases; and they can recruit transcriptional co-factors, such as β-catenin or p120ctn, at the cell membrane and, in this way, negatively control their nuclear translocation.
How can AJs be regulated?
Permeability-increasing agents or cell migration may dismantle AJs. This phenomenon may be mediated by the phosphorylation of tyrosine residues in cadherins and catenins which reduces the strength of their reciprocal interaction and the association with the actin cytoskeleton. Furthermore, the number of cadherin molecules on the cell surface may be reduced by cleavage or internalization.
Are AJs also dynamic structures in resting cells? An emerging concept is that intercellular junctions are dynamic structures that undergo remodeling not only during morphogenesis in the embryo or upon cell exposure to permeability-increasing agents but also in resting cells. A continuous recycling of adhesive proteins and signaling partners may occur at AJs. Cadherins move along the cell contacts and present a continuous flow-like movement in a basal-toapical direction which is accompanied by actin reorganization. This confers a dynamic configuration to AJs, allowing them to adapt continuously to tissue requirements. Drosophila oogenesis was initially studied for its role in patterning the embryo, but it has since become a powerful model system for investigating many aspects of cell and developmental biology. Its usefulness can be attributed partly to the genetic tractability of Drosophila as a model system; however, it is also one of the most intensively and successfully studied stages in the development of this model organism. The development of a single stem cell into a mature egg requires almost every cellular process that can occur during developmentfrom cell cycle control and fate specification to cell polarisation and epithelial morphogenesis. Hence a system that appears relatively simple on the surface can provide insights applicable to more complex processes, such as vertebrate development and disease progression.
Another useful facet of Drosophila oogenesis is practical. The ovary is the single largest organ in the female fly and the oocyte the single largest cell; however, the ovary is not essential for survival, allowing for extensive manipulation. A single ovary contains every stage of development from stem cell to mature egg, and each egg chamber contains both somatic and germline cells, allowing easy comparison. The aim of this primer is to introduce the main events of oogenesis and illustrate the ingenious ways in which these have been used to study key features of cell behaviour.
Oogenesis
A female Drosophila has two ovaries made up of approximately 18 ovarioles, each of which can be effectively considered an egg production line. The germarium, containing somatic and germline stem cells, is at the anterior end of the ovariole. Egg chambers bud off and mature as they pass down Primer
